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12 h后即可看见散在发绿色荧光的卫星细胞，72-96 h达高峰，阳性表达率约 90%。③细胞周期检测：电转
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Abstract 
BACKGROUND: Previous studies have shown that a certain dose of acidic fibroblast growth factor can promote 
skeletal muscle satellite cell proliferation in vitro. 
OBJECTIVE: To investigate the effects of transfection with acidic fibroblast growth factor by electroporation on 
growth, proliferation and differentiation of skeletal muscle satellite cells. 
METHODS: Skeletal muscle satellite cells were cultured and purified, and then transfected with plasmid 
pSectag-GFP-aFGF by electroporation. The expression of green fluorescent protein was observed under 
fluorescence microscope, and the transfection efficiency was calculated. After transfection, cell cycle was 
analyzed by flow cytometry to draw the growth curve of skeletal muscle satellite cells. Western blot assay was 
employed to measure protein level of acidic fibroblast growth factor. 
RESULTS AND CONCLUSION: (1) Immunocytochemistry detection: The skeletal muscle satellite cells were 
positive for a-sarcomeric actin. (2) Transfection efficiency: At 12 hours after transfection with pSectag-aFGF, 
several cells showed green fluorescence, and the green fluorescent expression reached the peak at 72-96 hours 
after transfection with a positive rate of about 90%. (3) Cell cycle: After electrotransfection, the proportion of cells 
at S phase in the electroporation group was higher than that in the control group (P < 0.05). (4) Cell growth curve: 
At 3 days after electrotransfection, the cells entered logarithmic growth phase but the proliferation slowed 
down at 5 days. (5) Differentiation capacity: There were fewer myotubes and aging cells in the electroporation 
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group than the control group. (6) Western blot assay: Acidic fibroblast growth factor protein was highly expressed in 
the cells transfected with target gene detected by western blot assay. These findings indicate that by using 
electroporation method, acidic fibroblast growth factor can be transferred into skeletal muscle satellite cells and 
have a high-efficiency and long-term expression, which can promote the proliferation of skeletal muscle satellite 
cells and inhibit formation of myotubes.  
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缺血后干细胞移植的种子细胞。       
1  材料和方法  Materials and methods  




























组织，剪碎成1 mm×1 mm×1 mm大小，加入0.2%胶原酶
Ⅰ消化60 min。弃上清，再加入0.25%胰蛋白酶消化     





分别轻轻铺制60% percoll工作液2 mL，20% percoll工作
液6 mL，最上层加入经初次纯化得到的含未贴壁细胞的培
养基2 mL，4 000 r/min离心5 min。无菌吸管轻轻吸取60%
电穿孔转染酸性成纤维细胞生长因子基因对骨骼肌卫星细胞生物学特性的 
影响实验所用试剂及仪器： 
试剂及仪器  来源 
DMEM培养基  Gibco公司 









BTX 2001电穿孔机 BTX公司 
流式细胞仪  Beckman Coulter公司 
酶标仪  BIO-RAD公司 
质粒pSectag -aFGF  广东医学院庞时锋博士惠赠 
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和20% percoll工作液交界面的乳白色混浊带约1 mL，移至











照试剂盒说明书进行，将提取好的质粒稀释至质量浓度为   
0.5 g/L。将第3代处对数生长期的骨骼肌卫星细胞用0.25%
的胰蛋白酶消化，离心1 000 r/min，离心10 min收集细胞。
































0.1%TBST洗10 min 3次，加入羊抗兔二抗抗(1∶6 000)
孵育1h，0.1%TBST洗10 min 3次，加入ECL发光液100 μL













2  结果  Results  





2.2  荧光显微镜下观察转染率 在电转染后12 h即可见散
在少量发绿色荧光的骨骼肌卫星细胞(图2A)，随后逐渐增
多，在72-96 h达到高峰，阳性表达率最高约为90%(图2B)。 





意义(P < 0.05)。 










2.6  Western Bloting检测酸性成纤维细胞生长因子基因
的表达  Western Bloting蛋白免疫印迹检测结果，转染组
酸性成纤维细胞生长因子蛋白表达阳性，与对照组相比差
异有显著性意义(P < 0.05)。见图6。  
 























































表 1  电转染骨骼肌卫星细胞对细胞周期的影响     (x
_
±s，n=3，%) 
Table 1   Effect of electrotransfection on cell cycle of skeletal 
muscle satellite cells   
表注：电转染后 S期所占的百分比明显增多，与未转染对照组比较，aP < 0.05。
组别 G1           S             G2/M 
未转染对照组 
电转染组       
89.0±0.5 
73.1±0.6           
6.2±0.2    
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图 4  电转染组及未转染对照组细胞生长曲线 
Figure 4  Growth curves of skeletal muscle satellite cells in 






图 1  免疫细胞化学鉴定骨骼肌卫星细胞(×100) 
Figure 1  Immunocytochemical identification of skeletal muscle 
satellite cells (×100) 
图注：图 A为骨骼肌卫星细胞内表达 α-sarcometric actins阳性；B
为成纤维细胞为阴性反应。 
 A B  A B 
图 2  电转染后骨骼肌卫星细胞荧光显微镜下观察转染率(×100) 
Figure 2  Transfection efficiency of skeletal muscle satellite cells 
under fluorescence microscope (×100) 
图注：图 A为电转染后 12 h见少量绿色荧光表达；B为电转染 96 h
绿色荧光阳性达高峰，约为 90%。 
图 3  流式细胞仪测量电转染组及未转染对照组细胞的细胞周期 
Figure 3  Flow cytometry detection of cell cycle in the electrotransfection and control groups 





图 5  电转染组及未转染对照组细胞分化能力的观察结果(×100) 
Figure 5  Differentiation capacity of skeletal muscle satellite cells in 
electrotransfection and control groups (×100) 












































































伦理要求：实验过程中对动物的处置符合 2009 年《Ethical 
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对照组                     转染组 
图 6  Western-blot 检测酸性成纤维细胞因子蛋白表达情况 
Figure 6  Western blot assay of acidic fibroblast growth factor 
protein expression 
图注：转染组酸性成纤维细胞生长因子蛋白表达阳性，与对照组比较，
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